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Background: Previous studies have shown that psychosocial working conditions characterized by high psychological
demands and low decision latitude (i.e., high strain work) are associated with increased risk of depressive symptoms.
Little is known, however, concerning how this association may be modified by factors outside the working environment.
This article examines the modifying role of private life social support in the relation between high strain work and the
development of severe depressive symptoms.
Methods: Data were questionnaire-based, collected from a cross-occupational sample of 1,074 Danish employees.
At baseline, all participants were free of severe depressive symptoms, measured by the Mental Health Inventory. High
strain work was defined by the combination of high psychological demands at work and low control, measured with
multi-dimensional scales. Private life social support was operationalized as the number of life domains with confidants
and dichotomized as low (0–1 domains) or high (2 or more domains). Using logistic regression we examined the risk
of onset of severe depressive symptoms, adjusting for sex, age, occupational position, and prior depressive symptoms.
Results: Separately, neither high strain work nor low private life social support statistically significantly predicted
depressive symptoms. However, participants with joint exposure to high strain work and low private life social support
had an Odds ratio (OR) for severe depressive symptoms of 3.41 (95% CI: 1.36-8.58), compared to participants with no
work strain and high private life social support. There was no increased risk for participants with high strain work and
high private life social support (OR = 1.32, 95% CI: 0.65-2.68). The interaction term for departure from additivity was,
however, not statistically significant (p = 0.18).
Conclusions: Our findings suggest that high strain work may increase risk of depressive symptoms in individuals with
low private life social support, although the effect-modification was statistically non-significant. Larger studies are needed
to further establish the role of private life social support in the relation between high strain work and depression.
Keywords: Depression, Work stress, Psychosocial factors, Interaction, Occupational healthBackground
Depression is associated with substantial costs, both for
the individuals affected and society at large [1,2]. The
etiology of depression is thought to involve a complex
interplay of biological, psychological and social factors
[3-5]. Psychosocial factors within and beyond the work* Correspondence: ihm@nrcwe.dk
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sion in working populations [6-9]. Little is known, however,
concerning their interplay, and whether non-work-related
factors may modify the association between the working
environment and the development of depression [9,10].
The current knowledge gap regarding the interplay between
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stress-related disorders is increased amongst employees
with a psychosocial work environment characterized by
high psychological demands and low decision latitude (i.e.,
high strain work) [11]. Numerous studies have examined
the associations between high strain work and depression
and at least three systematic reviews have found that there
is good evidence of a prospective relation [6-8]. Following
Hobfoll’s conservation of resources theory, it is plausible
that the consequences of the resource expenditure elicited
by high strain work depend on the availability of resources
[12]. Social support is an important resource [12], and
may buffer the effects of encountered strains emotionally,
by sustaining the individual’s self-worth, sense of matter-
ing, and feelings of belonging and acceptance [13,14].
Social support may also take the form of instrumental aid,
information and advice, and encouragement to cope with
the situation; all factors which might help the individual
cope effectively with any strain experienced [13,14].
Regarding high strain work, evidence is building that
this exposure is particularly detrimental in the context
of low social support at work (so called iso strain) [15].
Evidence is scarce, however, regarding whether the health
consequences of high strain work might depend on the
availability of resources outside the workplace [10].
In this study we examined if the prospective associ-
ation between high strain work and onset of severe
depressive symptoms is modified by levels of private life
social support. More specifically, we assess whether the
risk of severe depressive symptoms associated with the
joint exposure to both high strain work and low private
life social support is greater than the sum of its separate
parts, indicating synergistic effects [16].
Methods
This study used a cohort-design, analysing data from two
existing Danish work environment studies conducted
during 1996–2005, namely the Project on Burnout, Motiv-
ation and Job Satisfaction (Danish Acronym: PUMA) and
The Intervention Project on Absence and Well-being
(IPAW). The studies contained similar data on select
exposures and were combined to increase the sample
size. Details of the studies are published elsewhere [17,18].
In brief, PUMA was a an open cohort intervention study
designed to examine burn-out amongst human service
workers with three waves of data-collection in 1999–2000,
2002–2003, and 2005. Participants in PUMA were
recruited from 7 human service organizations in Danish
social work, health care work, elder care work, and care
work dealing with handicapped persons, prison officers
and prison professionals (in a psychiatric prison). Of the
2,391 individuals initially invited, there were 1,941 respon-
dents to the initial data-collection in PUMA (response
rate = 80%). The IPAW study was also a three-wave opencohort intervention study conducted to improve well-being
and thereby reduce sickness absence rates in a pharma-
ceutical company, the municipal technical services and
the municipal nursing homes in Copenhagen, Denmark.
The three waves of IPAW data used in the present study
were collected in 1996–1997, 1997–1998, and 2001–2002.
Of the 2,721 individuals initially invited, there were
2,068 respondents to the initial data-collection in IPAW
(response rate = 76%).
This study was conducted according to the Helsinki
declaration. All participants were informed in the ques-
tionnaires about the purpose of the study, and consented
by filling in and returning the questionnaires. This study
was approved by and registered with the Danish data
protection agency [19]. According to Danish law, studies
involving only questionnaire or register data are not
required to obtain approval by the scientific ethical
committee’s [20]. For the original PUMA study, ethical
approval was obtained from the regional ethical commit-
tee’s [17], whereas the IPAW study team was informed
by the ethical committee that the case would not be
considered, as data were purely questionnaire and register
based and no approval was required.
Selection of participants
Both PUMA and IPAW encompassed three waves of
data-collection. We use wave 2 data as baseline to enable
statistical control for prior depressive symptoms (measured
at wave 1), as a proxy for negative affectivity [21]. We used
wave 1 data for this control to ensure the correct temporal
sequence and avoid adjusting for a potential mediator such
as baseline depressive symptoms. For the present analyses
we selected the 1,258 individuals who participated in all
three waves of the two studies, but excluded individuals
with wave 2 severe depressive symptoms (n = 111) to
examine prospective associations between exposures mea-
sured at wave 2 and onset of severe depressive symptoms
measured at wave 3. We further excluded 73 individuals
with missing data on exposure, outcome or potential
confounders, yielding a final sample size of 1,074.
Measurements
Data were collected by questionnaire. High strain work
was defined as the combination of high psychological
demands and low decision latitude, measured with har-
monized multidimensional scales based on the items
presented in Table 1. The measurement of psychological
demands comprised the dimensions of quantitative and
conflicting demands, and the measurement of decision
latitude included both skill discretion and decision
authority in accordance with the demands control model
[11]. Each item was scored from 1 to 5 in PUMA and 1
to 4 in IPAW, and the scale was calculated based on an
equally weighted mean if half or more items were
Table 1 Measurement of psychological demands, decision latitude and depressive symptoms
Construct Items Response categories
PUMA IPAW
Psychological demands Do you have to work very fast? Always, often, some times, rarely,
never/almost never
Often, Some times, Seldomely,
Never/almost never
Do you have enough time
for your work tasks?
Always, often, some times, rarely,
never/almost never
Often, Some times, Seldomely,
Never/almost never
Are contradictory demands
placed on you at work?
Always, often, some times, seldomely,
never/almost never
-
Decision latitude Do you have the possibility of learning
new things through your work?
To a very high extent, to a high
extent, somewhat, to a low degree,
to a very low degree
Often, Some times, Seldomely,
Never/almost never
Does your work require you to
take the initiative?
To a very high extent, to a high
extent, somewhat, to a low degree,
to a very low degree
Often, Some times, Seldomely,
Never/almost never
Do you have any influence on
what you do at work?
Always, often, some times,
seldomely, never/almost never
Often, Some times, Seldomely,
Never/almost never
Is your work varied? To a very high extent, to a high
extent, somewhat, to a low degree,
to a very low degree
-
Do you have any influence on
how you do your work?
- Often, Some times, Seldomely,
Never/almost never
Does your work demand a high
level of skill or expertise?
- Often, Some times, Seldomely,
Never/almost never
Do you have to do the same thing
over and over again?




During the past month, how much
of the time were you a happy person?
All of the time, most of the time,
a good bit of the time, some of
the time, a little of the time, none
of the time
Same as PUMA
During the past month, how much of
the time have you felt calm and peaceful?
All of the time, most of the time,
a good bit of the time, some of
the time, a little of the time, none
of the time
Same as PUMA
During the past month, how much of the
time have you been a very nervous person?
All of the time, most of the time,
a good bit of the time, some of
the time, a little of the time, none
of the time
Same as PUMA
During the past month, how much of the
time have you felt downhearted and blue?
All of the time, most of the time,
a good bit of the time, some of
the time, a little of the time, none
of the time
Same as PUMA
During the past month, how much of
the time did you feel so down in the
dumps that nothing could cheer you up?
All of the time, most of the time,
a good bit of the time, some of
the time, a little of the time, none
of the time
Same as PUMA
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of 0 and a standard deviation of 1, and dichotomized
into high and low by median split. The applied scales
have previously been validated against the original job
strain questionnaires [22].
Private life social support was operationalized as the
number of life domains in which the respondent had
one or more confidants and measured by asking the
respondent: “is there someone you can really talk to about
something personal which is important to you?” It was
possible to indicate multiple domains and we definedprivate life social support from the sum of the following
responses: yes, parents; yes, spouse/partner; yes, children;
yes, family; yes, friends. We dichotomized private life
social support into low (0–1 life domains with confidants)
or high (2 or more domains with confidants). This dichot-
omization was conducted following considerations of the
construct content and the distribution of respondents. We
did not treat private life social support as a continuous
variable to avoid assuming a linear relation between the
number of domains with confidants and any buffering of
high strain work. In the IPAW study, participants of wave
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section of the questionnaire including the measure of
private life social support, if they had already participated in
the study at wave 1. Consequently, for these participants we
used the wave 1 score as our baseline measurement of
private life social support.
Severe depressive symptoms were measured by the
Mental Health Inventory (MHI-5) a five item scale from
the Short-Form Health Survey [23]. The items of the
MHI-5 are shown in Table 1. Although the scale was
originally constructed to measure general mental health,
a previous validation study found it an appropriate
screening tool for mood disorders diagnosed according
to the DSM-IV, including major depression and dysthymia
[24]. We scored each item of the scale from 0–100 with
higher scores indicating fewer symptoms, and calculated
a mean score, if participants had data on three or more
items. Following previous studies [25-27] we defined
severe depressive symptoms as a mean score ≤52. This
cut-off point has been found to have a 83% sensitivity
and 65% specificity, compared to a clinical diagnosis of
major depression [27].
Socioeconomic position at wave 2 was measured by
national register data [28] on occupation, coded according
to the International Standard Classification of Occupations
version 88 [29] and linked to the questionnaire data using
the unique personal identification number assigned all
Danish residents [30]. Socioeconomic position was classi-
fied as low, intermediate or high following the European
Socio-economic Classification [31,32]. Workplace social
support was measured by two items asking the respon-
dents how often they receive help and support from their
manager and colleagues, respectively.
Data analysis
Data were analyzed by logistic regression, including an
indicator of study and organization as a strata-variable to
account for clustering within the study- or organizational
level. We used wave 2 as baseline for the analyses and
excluded all participants with severe depressive symptoms
at this wave. We then examined prospective associations
between wave 2 high strain work and low private life
social support, and onset of severe depressive symptoms
measured at wave 3. Risk estimates were adjusted for
potential confounding by sex, age, and occupational
position as these are known for their association with
depression and are also possibly related to high strain
work [33,34]. Furthermore we adjusted for prior depres-
sive symptoms (continuous score, wave 1) to account
for bias due to negative affectivity [35]. As a sensitivity
analysis we additionally adjusted for cohabitation (living
with a partner or spouse, yes/no) which is also associated
with depression [36]. This adjustment was not included
in the main analysis to prevent collinearity betweencohabitation and low private life social support. As a
second sensitivity analysis, we adjusted for workplace
social support in addition to the potential confounders
included in the main analysis.
We present results as odds ratios (ORs) and adjusted
absolute risks of onset, calculated by multiplying the
reference group’s risk of onset by the adjusted odds
ratio. Because sex might modify associations between
work environment and mental health [37] we tested for
interaction (departure from multiplicativity) between sex
and the joint association of depressive symptoms with
high strain work and low private life social support. As
this interaction term was statistically non-significant
(p = 0.66) we did not stratify analyses by sex.
In this article we examine effect-modification. Effect-
modification may be defined as departure either from risk
addivity or from risk multiplicativity [16]. The distinction
between these types of effect-modification is not trivial, as
similar stratum-specific relative risks (risk multiplicativity)
may reflect different absolute risks (departure from risk
additivity), when the risk rates of the outcome differ across
strata of the effect-modifier [16]. Following the STROBE
recommendations [38] we report risk estimates to assess
both types of effect-modification, as outlined by Knol &
VanderWeele [39]. We test for departure from additivity
by including an interaction term in a linear probability
model, and for departure from multiplicativity by includ-
ing an interaction term in the logistic model. We base our
conclusions regarding effect-modification on departure
from additivity because such departure is particularly rele-
vant from the clinical and public health perspectives and
identifies groups who benefit most from exposure inter-
vention [16,38-40]. All analyses were conducted in SAS
version 9 (SAS Institute Inc., Cary, North Carolina).
Study population
Table 2 shows the characteristics of the study participants.
Most participants were women (75%), and of low socio-
economic position (56%). There were 168 participants
with high strain work at baseline (16%) and 284 with
low private life social support (26%). At follow up, 69
participants had onset of severe depressive symptoms
(6%). The median follow up was 2.7 years (range 1.6-4.9)
(data not shown in tables).
Results
Table 3 shows the main associations between high strain
work and low social support and the development of
severe depressive symptoms. Neither high strain work nor
low private life social support statistically significantly
predicted onset of depressive symptoms, although both
odds ratio’s (OR) were above one.
Table 4 shows the risk of onset of severe depressive
symptoms in relation to the joint exposure to high strain
Table 2 Participant characteristics at baseline










High strain work 168 (15.6)
Incident severe depressive symptoms 69 (6.4)
Low private life social support 284 (26.4)








Joint exposure high strain work and low
private life social support
High strain work
low private life social support 47 (4.4)
high private life social support 129 (12.0)
Not high strain work
low private life social support 237 (22.1)
high private life social support 661 (61.6)
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visualized in Figure 1. Compared to individuals without
high strain work and with high social support, the risk
of onset of severe depressive symptoms was over three
times greater for individuals with high strain work and
low social support (OR = 3.41, 95% CI: 1.36-8.58). In ab-
solute terms, the risk of onset of depressive symptoms
was 17.4% in individuals with high strain work and low
private life social support, whereas it was 5.1% in the
reference group. The separate exposure to either high
strain work or low private life social support was not
associated with a statistically significantly increased risk.Table 3 Depressive symptoms in relation to high strain
work and low private life social support (main effects)
ORa (95% CI) P-value
High strain work, yes vs. no 1.72 (0.97-3.07) 0.06
Private life social support, low vs. high 1.32 (0.74-2.35) 0.35
aAdjusted for sex, age, occupational position, and prior depressive symptoms.The stratified analysis yielded similar results; the risk
estimate for high strain work was larger in the presence
of low private life social support (OR = 3.50, 95% CI:
1.25-9.80) than in the presence of high private life social
support (OR = 1.24, 95% CI: 0.61-2.53). When testing for
departure from additivity between the effects of high
strain work and low social support on severe depressive
symptoms, however, the p-value was not statistical signifi-
cance (p = 0.18). The p-value for departure from multipli-
cativity was 0.12. Neither adjustment for cohabitation nor
adjustment for workplace social support changed this
result substantially (data not shown).
Discussion
Employees with high strain work and low private life
social support were over three times more likely to
develop severe depressive symptoms during the 2.7 years
of follow up of this study compared to employees with
no high strain work and high private life social support.
There was no statistically significantly increased risk for
employees with high strain work and high private life
social support or for employees with low private life
social support and no high strain work.
Our findings suggest a role of private life social support
as a buffer of high strain work, although we acknowledge
that the interaction term did not reach statistical signifi-
cance. Even though evidence is building concerning the
role of workplace social support as a buffer of the effects
of high strain work on mental health [15], research about
the role of private life social support is scarce. A previous
study from Stansfeld et al. [41] found no evidence for a
modifying role of private life social support. That study
examined whether the associations between elements of
the job strain model (job demands and decision latitude)
and poor mental health were modified by private life
social support. They found no statistically significant
interactions, defined as departure from multiplicativity,
but did not report risk estimates for the assessment of
interaction, due to the statistical non-significance. Hence,
it was impossible to assess the extent to which the pat-
terns of risk estimates supported effect-modification in
their article. Given the extensive demands on statistical
power for the detection of effect-modification [42], analyses
in larger samples are needed to shed light on the potential
role of private life social support as a buffer of the associ-
ation between high strain work and mental health.
We operationalized private life social support as the
availability of confidants within different life domains,
measured by a single item. Although the availability of
others to confide in is a central aspect of social support
[43], social support is a complex and multidimensional
construct encompassing both structural and functional
elements [44]. The structural dimension, for which we
had a single indicator in the present study, denotes the
Table 4 Depressive symptoms related to joint exposure to high strain work and private life social support
(interactive effects)
Not high strain work High strain work High strain work (yes































17.4 3.50 (1.25-9.80) 0.02
0.07
aAdjusted for sex, age, occupational position, and prior depressive symptoms.
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support. The network may be characterized by its size,
density, and range [45] and the individual social ties of
the network may further be characterized by their reci-
procity and the frequency of contact [45]. The functional
aspect - the social support received through the ties - may
be instrumental, informational, appraisal or emotional
[45]. Although we did not measure the functional aspect
of social support in the present study, confidants are
regarded an important source of emotional support [45].
Consequently, emotional support may be particularly
important for the interpretation of our findings. Emotional
support may consist of signaling empathy and understand-
ing, listening, and showing sympathy, thus strengthening
the individual’s sense of self-esteem, mattering and belong-
ing [13]. Also, emotionally supportive behaviors help
validate the individual’s feelings and concerns, and enable
emotion focused coping such as ventilation [13].
Our definition of low private life social support, report-
ing zero or one life domains with confidants, was based
partly on the distribution of the respondents. Although it
might be considered more clear cut to define low private
life social support as having zero confidants, this was un-
fortunately not possible given a low number of individualsFigure 1 Odds ratio for depressive symptoms with exposure to highin this group (n = 30). We argue, however, that our defin-
ition indicates a narrow range of close ties in the social
network. Such narrow range likely puts the individual
at risk of lacking social support when needed; in the
case of zero domains because no confidants are available
to provide the support, and in the case of one domain
because drawing on social support may lead to its deple-
tion, especially in conditions of chronic strain [43]. A
narrow social network provides fewer alternative sources
of social support, possibly leaving the individual without
the needed social support. Conversely, depression may
also undermine social relations [46], however such reverse
causality was addressed in the present analyses by apply-
ing a prospective study-design. As high strain work
likely is a chronic rather than acute stressor, the avail-
ability of different sources of social support may be par-
ticularly important.
Some additional methodological issues, apart from the
single item measurement of low private life social sup-
port, must be considered in interpreting the findings of
this study. We measured both exposures and outcome
by self-report. This methodology has been questioned,
as associations may be biased upwards due to common
method variance [7,47,48]. To address this bias, we adjustedstrain work and private life social support.
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served as an indicator of negative affectivity [21]. Although
such analyses may be considered overly conservative, if
the previous mental health state of the employee was a
consequence of work environment factors, we consider
this adjustment a substantial strength of our analyses,
as the remaining associations indicate that our findings
are not explained by common method variance bias.
Another important concern is the generalizability of
our findings. Although our study population was cross-
occupational it was not representative of the Danish
working population. More than half of the participants
(55.6%) were classified as having low socioeconomic pos-
ition, reflecting the organizations from which they were
recruited [17,18] and, most participants were women. It is
likely that these population characteristics explain the
relatively high prevalence of severe depressive symptoms
in the sample. The baseline prevalence was 8.8%; in com-
parison, the prevalence of major depression in the Danish
general population has been estimated as 2-5% [25,49,50].
Consequently, it is possible that the generalizability of our
findings is limited by the characteristics of the sample.
The measurement of high strain work did not apply
the full measurement of the demands-control model, as
operationalized by the Job Content Questionnaire [51].
However, we believe that this is unlikely to be a major
concern, because a validation study comparing the included
items with the items of the full instrument showed satis-
factory performance of our items [22].
The average follow up of this study was over 2 years.
During this period both the working conditions of the
individual and their level of private life social support may
have changed, causing misclassification of these factors. In
the present study we could not account for such changes.
If such changes were non-differential in relation to the
joint exposure to high strain work and low private life
social support, they will have led to an underestimation of
the effects. If the changes were differential they may have
been mediating factors rather than confounders.
The follow up outcome measurement was conducted
at a fixed time. Consequently, some participants may
have developed depressive symptoms during the follow
up period but not been considered cases in the present
study, if they were in remission at the time of measure-
ment at the end of the follow up. Hence, the reported
risks of onset may be underestimated.
We excluded all cases with severe depressive symptoms
at baseline (wave 2) and adjusted for depressive symptoms
in the data collection prior baseline (wave 1). However, we
did not have information on depressive symptoms in life
phases preceding wave 1 or between the study waves.
Finally, the sample size of the study was relatively small
for studying interactions, resulting in wide confidence
limits for some estimates. This issue also precluded usfrom exploring the multi-level effects which could conceiv-
ably exist, as the data were collected from workplaces
nested within organisations. As effect-modification studies
require substantial statistical power [42], and our finding
showed a suggestive albeit not statistically significant
effect-modification we propose that studies of larger popu-
lations are needed on the interplay between work stressors,
private life social support, and depressive symptoms.
Conclusions
The findings of this study suggest that high strain work
may be particularly detrimental to the mental health of
employees with weaker private life social support. Among
these employees, the adjusted risk of severe depressive
symptoms at follow up was 17%. The implications of these
findings are two-fold: first, employees with high strain work
and weak private life social support may be a high risk
group for developing depressive symptoms, and ensuring
adequate treatment for this group is an important concern.
Second, the prevention or elimination of high strain work
may be particularly important in individuals with weaker
private life social support, or conversely, the strengthening
of social ties may be particularly important in individuals
exposed to high strain work. These findings may guide
public health initiatives aimed at preventing depression in
the employed population. The test for effect-modification,
was, however not statistically significant. In light of this
statistical non-significance, and given the extensive
demands on statistical power for the detection of effect-
modification [42], larger sample sizes are needed to shed
further light on the potential role of private life social
support as a buffer of the association between high
strain work and mental health.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
IM contributed to the design and conception of the study, conducted the data
analysis, and drafted the manuscript. AJ contributed to the data interpretation
and critically revised the manuscript. MB and MN were responsible for the data
collection and critically revised the manuscript. RR contributed to the study
design and conception, the interpretation of data, and critically revised the
manuscript. All authors have read and approved the final manuscript.
Acknowledgements
This work was supported by The Danish Working Environment Research
Fund under grant number 9-2011-03. The funding source had no role in the
study design, data collection, analysis, interpretation of data, or the decision
to submit the paper to publication.
Author details
1National Research Centre for the Working Environment, Lerso Parkalle 105,
DK-2100 Copenhagen, Denmark. 2Occupational Medicine Department, Koge
Hospital, Lykkebaekvej 1, DK-4600, Koge, Denmark. 3Department of
Occupational and Environmental Medicine, Bispebjerg University Hospital,
Bispebjerg Bakke 23, DK-2400 Copenhagen, Denmark. 4Department of Public
Health, University of Copenhagen, Oster Farimagsgade 5, DK-1014
Copenhagen, Denmark. 5Department of Psychology, University of
Copenhagen, Oster Farimagsgade 2A, DK-1353 Copenhagen, Denmark.
Madsen et al. BMC Public Health 2014, 14:698 Page 8 of 9
http://www.biomedcentral.com/1471-2458/14/698Received: 14 March 2014 Accepted: 3 July 2014
Published: 8 July 2014References
1. Wittchen HU, Jacobi F: Size and burden of mental disorders in Europe–a
critical review and appraisal of 27 studies. Eur Neuropsychopharmacol
2005, 15(4):357–376.
2. Alonso J, Angermeyer MC, Bernert S, Bruffaerts R, Brugha TS, Bryson H, de
Girolamo G, de Graaf R, Demyttenaere K, Gasquet I, Haro JM, Katz SJ, Kessler
RC, Kovess V, Lepine JP, Ormel J, Polidori G, Russo LJ, Vilagut G, Almansa J,
Arbabzadeh-Bouchez S, Autonell J, Bernal M, Buist-Bouwman MA, Codony M,
Domingo-Salvany A, Ferrer M, Joo SS, Martinez-Alonso M, Matschinger H, et al:
Disability and quality of life impact of mental disorders in Europe: results
from the European Study of the Epidemiology of Mental Disorders
(ESEMeD) project. Acta Psychiatr Scand 2004, 109:38–46.
3. Kendler KS, Gardner CO, Prescott CA: Toward a comprehensive
developmental model for major depression in men. Am J Psychiatry 2006,
163(1):115–124.
4. Kendler KS, Gardner CO, Prescott CA: Toward a comprehensive
developmental model for major depression in women. Am J Psychiatry
2002, 159(7):1133–1145.
5. Lichtenstein P, Yip BH, Bjork C, Pawitan Y, Cannon TD, Sullivan PF, Hultman CM:
Common genetic determinants of schizophrenia and bipolar disorder in
Swedish families: a population-based study. Lancet 2009, 373(9659):234–239.
6. Netterstrøm B, Conrad N, Bech P, Fink P, Olsen O, Rugulies R, Stansfeld S: The
relation between work-related psychosocial factors and the development
of depression. Epidemiol Rev 2008, 30(1):118–132.
7. Bonde JPE: Psychosocial factors at work and risk of depression: a
systematic review of the epidemiological evidence. Occup Environ Med
2008, 65(7):438–445.
8. Siegrist J: Chronic psychosocial stress at work and risk of depression:
evidence from prospective studies. Eur Arch Psychiatry Clin Neurosci 2008,
258:115–119.
9. Beauregard N, Marchand A, Blanc ME: What do we know about the non-work
determinants of workers’ mental health? A systematic review of longitudinal
studies. BMC Public Health 2011, 11(1):439.
10. Wang JL, Schmitz N: Does job strain interact with psychosocial factors
outside of the workplace in relation to the risk of major depression? The
Canadian National Population Health Survey. Soc Psychiatry Psychiatr
Epidemiol 2011, 46(7):577–584.
11. Karasek R, Theorell T: Healthy Work: Stress, Productivity, and the
Reconstruction of Working Life. New York: Basic Books; 1990.
12. Hobfoll S: The influence of culture, community, and the nested-self in
the stress process: advancing conservation of resources theory. Appl
Psychol: Int Rev 2001, 50(3):337–421.
13. Thoits PA: Mechanisms linking social ties and support to physical and
mental health. J Health Soc Behav 2011, 52(2):145–161.
14. Brown TN, Scheid TL: Social support and mental health. In A Handbook for
the Study of Mental Health - Social Contexts, Theories, and Systems. 2nd
edition. Edited by Scheid TL, Brown TN. New York: Cambridge university
press; 2010:200–212.
15. Häusser JA, Mojzisch A, Niesel M, Schulz-Hardt S: Ten years on: A review
of recent research on the Job Demand-Control (−Support) model and
psychological well-being. Work Stress 2010, 24(1):1–35.
16. Greenland S, Lash TL, Rothman KJ: Concepts of interaction. In Modern
Epidemiology. 3rd edition. Philadelphia, Pa: Wolters Kluwer; 2008:71–83.
17. Borritz M, Rugulies R, Bjorner JB, Villadsen E, Mikkelsen OA, Kristensen TS:
Burnout among employees in human service work: design and baseline
findings of the PUMA study. Scand J Public Health 2006, 34(1):49–58.
18. Nielsen ML, Kristensen TS, Smith-Hansen L: The Intervention Project on
Absence and Well-being (IPAW): design and results from the baseline of
a 5-year study. Work and Stress 2002, 16(3):191–206.
19. Introduction to the Danish Data Protection Agency.
[http://www.datatilsynet.dk/english/]
20. Guidelines about Notification etc. of a Biomedical Research Project to
the Committee System on Biomedical Research Ethics.
[http://www.cvk.sum.dk/English/guidelinesaboutnotification.aspx]
21. Judge TA, Erez A, Thoresen CJ: Why negative affectivity (self-deception)
should be included in job stress research: bathing the baby with the
bath water. J Organ Behav 2000, 21(1):101.22. Fransson E, Nyberg S, Heikkila K, Alfredsson L, Bacquer DD, Batty GD,
Bonenfant S, Casini A, Clays E, Goldberg M, Kittel F, Koskenvuo M, Knutsson A,
Leineweber C, Magnusson Hanson L, Nordin M, Singh-Manoux A, Suominen S,
Vahtera J, Westerholm P, Westerlund H, Zins M, Theorell T, Kivimaki M:
Comparison of alternative versions of the job demand-control scales in
17 European cohort studies: the IPD-Work consortium. BMC Public
Health 2012, 12(1):62.
23. Bjorner JB, Thunedborg K, Kristensen TS, Modvig J, Bech P: The Danish SF-36
health survey: translation and preliminary validity studies. J Clin Epidemiol
1998, 51(11):991–999.
24. Rumpf HJ, Meyer C, Hapke U, John U: Screening for mental health: validity
of the MHI-5 using DSM-IV Axis I psychiatric disorders as gold standard.
Psychiatry Res 2001, 105(3):243–253.
25. Rugulies R, Bültmann U, Aust B, Burr H: Psychosocial work environment
and incidence of severe depressive symptoms: Prospective findings
from a 5-year follow-up of the Danish Work Environment Cohort Study.
Am J Epidemiol 2006, 163(10):877–887.
26. Strand BH, Dalgard OS, Tambs K, Rognerud M: Measuring the mental
health status of the Norwegian population: a comparison of the
instruments SCL-25, SCL-10, SCL-5 and MHI-5 (SF-36). Nord J Psychiatry
2003, 57(2):113–118.
27. Holmes WC: A short, psychiatric, case-finding measure for HIV seropositive
outpatients: performance characteristics of the 5-item Mental Health
Subscale of the SF-20 in a male, seropositive sample. Med Care 1998,
36(2):237–243.
28. Petersson F, Baadsgaard M, Thygesen LC: Danish registers on personal
labour market affiliation. Scand J Public Health 2011, 39(7 suppl):95–98.
29. International Labour Organization (ILO): ISCO-88. Summary of major groups.
[http://www.ilo.org/public/english/bureau/stat/isco/isco88/publ4.htm]
30. Pedersen CB: The Danish civil registration system. Scand J Public Health
2011, 39:22–25.
31. Rose D, Harrison E: The European Socio-Economic Classification: a New
Social Class Schema for comparative European Research. Eur Soc 2007,
9(3):459–490.
32. Institute for Social & Economic Research, University of Essex: Matrices and
syntax. [http://www.iser.essex.ac.uk/archives/esec/matrices-and-syntax]
33. Alonso J, Angermeyer MC, Bernert S, Bruffaerts R, Brugha IS, Bryson H, de
Girolamo G, de Graaf R, Demyttenaere K, Gasquet I, Haro JM, Katz SJ, Kessler
RC, Kovess V, Lepine JR, Ormel J, Polidori G, Russo LJ, Vilagut G, Almansa J,
Rbabzadeh-Bouchez S, Autonell J, Bernal M, Buist-Bouwman MA, Codony M,
Domingo-Salvany A, Ferrer M, Joo SS, Martinez-Alonso M, Matschinger H,
et al: Prevalence of mental disorders in Europe: results from the European
Study of the Epidemiology of Mental Disorders (ESEMeD) project.
Acta Psychiatr Scand 2004, 109:21–27.
34. Harris T: Recent developments in understanding the psychosocial
aspects of depression. Br Med Bull 2001, 57(1):17–32.
35. Watson D, Clark LA: Negative affectivity - the disposition to experience
aversive emotional states. Psychol Bull 1984, 96(3):465–490.
36. Simon RW: Revisiting the relationships among gender, marital status, and
mental health. AJS 2002, 107(4):1065–1096.
37. Stansfeld S, Candy B: Psychosocial work environment and mental
health–a meta-analytic review. Scand J Work Environ Health 2006,
32(6):443–462.
38. Vandenbroucke JP, Von Elm E, Altman DG, Gotzsche PC, Mulrow CD,
Pocock SJ, Poole C, Schlesselman JJ, Egger M: Strengthening the reporting
of observational studies in epidemiology (STROBE): explanation and
elaboration. PLoS Med 2007, 4(10):1628–1654.
39. Knol MJ, VanderWeele TJ: Recommendations for presenting analyses of
effect modification and interaction. Int J Epidemiol 2012, 41(2):514–520.
40. Greenland S: Interactions in Epidemiology: Relevance, Identification, and
Estimation. Epidemiology 2009, 20(1):14–17.
41. Stansfeld SA, Bosma H, Hemingway H, Marmot MG: Psychosocial work
characteristics and social support as predictors of SF-36 health
functioning: the Whitehall II study. Psychosom Med 1998, 60(3):247–255.
42. Greenland S: Basic problems in interaction assessment. Environ Health
Perspect 1993, 101:59–66.
43. Hobfoll SE: Social and psychological resources and adaptation. Rev Gen
Psychol 2002, 6(4):307–324.
44. Semmer NK, Elfering A, Jacobshagen N, Perrot T, Beehr TA, Boos N: The
emotional meaning of instrumental social support. Int J Stress Manag
2008, 15(3):235–251.
Madsen et al. BMC Public Health 2014, 14:698 Page 9 of 9
http://www.biomedcentral.com/1471-2458/14/69845. Berkman LF, Glass T: Social integration, social networks, social support,
and health. In Social Epidemiology. Edited by Berkman LF, Kawachi I. New
York: Oxford University Press; 2000:137–173.
46. Sacco WP: A social-cognitive model of interpersonal processes in depression.
In The Interactional Nature of Depression: Advances in Interpersonal Approaches.
Edited by Joiner TE, Coyne JC. Washington, DC: American Psychological
Association; 1999.
47. Kolstad HA, Hansen Å, Kærgaard A, Thomsen JF, Kaerlev L, Mikkelsen S,
Grynderup MB, Mors O, Rugulies R, Kristensen AS, Andersen JH, Bonde JP:
Job strain and the risk of depression: is reporting biased? Am J Epidemiol
2011, 173(1):94–102.
48. Podsakoff PM, MacKenzie SB, Jeong-Yeon L, Podsakoff NP: Common
method biases in behavioral research: a critical review of the literature
and recommended remedies. J Appl Psychol 2003, 88(5):879–903.
49. Olsen LR, Mortensen EL, Bech P: Prevalence of major depression and
stress indicators in the Danish general population. Acta Psychiatr Scand
2004, 109(2):96–103.
50. Andersen I, Thielen K, Bech P, Nygaard E, Diderichsen F: Increasing
prevalence of depression from 2000 to 2006. Scand J Public Health 2011,
39(8):857–863.
51. Karasek R, Brisson C, Kawakami N, Houtman I, Bongers P, Amick B: The Job
Content Questionnaire (JCQ): an instrument for internationally comparative
assessments of psychosocial job characteristics. J Occup Health Psychol 1998,
3(4):322–355.
doi:10.1186/1471-2458-14-698
Cite this article as: Madsen et al.: Is the association between high strain
work and depressive symptoms modified by private life social support: a
cohort study of 1,074 Danish employees?. BMC Public Health 2014 14:698.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
